and less long-lasting than that of saline and procaine. When a series of such combined injections is given there may be permanent reduction and very occasionally permanent abolition of spontaneous pain. In a patient with post-herpetic pain in the D3 and D4 segments on the left, and angina of effort referred to the left arm, it was found that intercostal nerve blocks of the herpetic area and procaine to the D3 and D4 interspinous ligaments each gave relief both of the herpetic pain and also of the angina of effort. Saline aggravated the post-herpetic pain but reduced the effort angina. Combined saline and procaine was more effective in relieving the herpetic pain and repeated injections gave permanent improvement.
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In patients with spinothalamic tract lesions referred pain from mid-line saline injection occurred only on the side with intact spinothalamic pathways. Referred sensation does occur to the other side, but it is a non-painful tingling. Bilateral unpleasant referred sensation, described subjectively as painful, was, however, noted in one such case: but it was obtained only from the mid-dorsal segments and was unusually diffuse and referred deeply as "a feeling of being winded".
In one patient with a slight sensory level to both spinothalamic and posterior column sense saline produced the expected segmental referred deep aching and muscle spasm, but there was also a delayed severe skin hyperalgesia referred specifically to the upper limit of the clinical sensory level, seven or eight segments above the one injected.
It is emphasized that the referred effects of saline and procaine are inconstant. With apparently the same technique they may vary in the same patient on different occasions. In other patients they may not occur at all. Nevertheless they have potential therapeutic applications.
I-t is concluded that these observations lend support to the view of a sensory neurone pool in the spinal cord in which both summation and competition for a final common pathway may occur.
Late Infantile Metachromatic Leucodystrophy
By MICHAEL JEFFERSON, D.M., M.R.C.P.
Birmingham DIFFUSE cerebral sclerosis is a complex subject which has recently been well reviewed by Poser and van Bogaert (1956) . It comprises a spectrum of diseases which have in common a general similarity of clinical and pathological outline, but they differ widely in detail, in their age of onset, time-span, inheritance or otherwise, and their microscopical anatomy, and they must differ too in their ietiology, though little enough is known at present of the cause of any of them. To some extent their classification is debatable, but broadly speaking they fall into three main categories. Firstly there is the group of conditions of which Schilder's disease is the prototype, secondly there is the class of subacute leuco-encephalitis and its analogues, and thirdly, there are the leucodystrophies, several types of which have been described whose affinities and distinctions are still not properly known. SYMPTOMATOLOGY It is with the features of one form of the latter, namely late infantile metachromatic leucodystrophy that I want to deal. Examples of this malady have been described by several writers in the last twenty-five years, notably Greenfield (1933), Brandberg and Sjovall (1940) , Brain and Greenfield (1950) , Leslie (1952) , Bertrand et al. (1954) 1 and Peiffer and von Hirsch (1955) , and I have had recent personal experience of one case. In all of these, numbering 11 together, the correct diagnosis was only made after autopsy, but it ought not to be impossible to recognize (or at least suspect) the answer during life, if only the existence of the disease, were more widely known, and the aim of this short paper is to draw attention to it as an entity.
Its semeiological pattern is a fairly constant one. The age of onset is commonly around 20 months, and the duration from first symptoms to death about 15 months. There is no evidence of sex predilection, nor much to suggest a familial tendency, but the data on the latter point are not fully satisfactory, since a majority of case reports have related to children without sibs. From the symptomatic point of view, the onset is most often with vague 'The case described by these writers was originally stated to be non-metachromatic, but metachromasia was found on re-examination by Diezel (1957) .
fretfulness and slight disorder of gait, so that the child is no longer so confident on its feet as before. Insidiously over the course of a few months, the power to walk, or even to stand, is completely lost, atid the upper limbs, neck and trunk muscles become considerably weakened as well, so that use of the arms, sitting without support, or even holding the head up, is difficult or impossible. At about this stage, as in one of Brain and Greenfield's cases, in my own, and perhaps in Leslie's case too, there may be general hypotonicity along with the loss of muscular strength, so that the child's appearance may call to mind some form of myopathy. This phase, however, may not be present, and in any event is transitory, soon passing into stiffness of the limbs, with extended legs and feet in equinovarus and the arms flexed. The tendon reflexes as a rule are by now unobtainable and the plantar reflexes upgoing. Sudden and frequent accessions of muscle spasm become noticeable, which exaggerate pre-existing hypertonus of the limbs, and produce bodily attitudes resembling experimental decerebrate rigidity. They are apt to be induced by any external stimulus or occur spontaneously, are usually accompanied by crying, and may last many minutes at a time. Meanwhile cranial nerve signs have also developed, in the form of ptosis or nystagmus or both. The appearance of the latter can vary from fine rapid shimmering to slow rhythmic to-and-fro jerking, and it may be paroxysmal or continuous. All this time, too, the child's mental state has been gradually dilapidating. Initial seeming disinclination to speak has, by stages, become a definite poverty of words, and ultimately a global aphasia, and what was at first a mild lack of interest in surroundings has turned into profound apathy towards people and objects. Signs to suggest blindness and deafness of cortical origin declare themselves, and feeding becomes increasingly difficult. The child has now arrived at a state of frank decerebration in which it may remain for a number of weeks before death comes finally from failure of the medullary centres, perhaps with terminal bronchopneumonia.
DIFFERENTIAL DIAGNOSIS
As to differential diagnosis during life, there are not many possibilities which have to be considered. The relatively slow march of the disease, and its ingravescent onset, rule out any of the ordinary forms of virus encephalitis or allergic encephalomyelitis. It is less easy to exclude subacute sclerosing or inclusion body encephalitis, but the recorded cases of these conditions have been in older age groups, and furthermore, more or less rhythmically recurrent and symmetrical myoclonic jerkings of the limbs, trunk and head are found in them which are not a feature here. Both also show rather characteristic EEG phenomena in the shape of repeating high amplitude complexes, appearing every few seconds against a relatively flat potential background. The only available EEG data in metachromatic leucodystrophy seem to be in my own case, where serial traces showed not this pattern, but a general dysrhythmia which came to be increasingly dominated by delta activity, with some scattered sharp waves at a late stage. If this can be taken as a paradigm, then it suggests that the electrographic signs can be useful in differentiation. Another small point of distinction is the C.S.F., for in leucodystrophy the protein is raised, usually with increased globulin, and without cellular increase, but the Lange curve does not show the first zone precipitation met in inclusion and sclerosing leuco-encephalitis.
That leaves over Schilder's disease which can only be distinguished at autopsy or perhaps by cerebral biopsy, and cerebral lipidosis such as amaurotic familial idiocy, but there the early presence of retinal pigmentary change or macular spot should usually allow recognition.
PATHOLOGY
Pathologically the gross appearance of the brain is normal, though in handling it feels unduly resilient. Microscopic sections show that there is massive demyelination in the cerebral hemispheres, which includes the internal capsule and corpus callosum but tends to spare the juxta-cortical arcuate fibres, and the fibres of the optic radiation; there is also fallout of intracortical radial fibres. The white matter of the cerebellum suffers heavily, too, and so do the descending fibre systems of the brain-stem and spinal cord. The destructive process is one which affects axones as well as their myelin sheaths, and there is pronounced overgrowth of fibrillary astrocytes. There is relative absence of sudanophil products of myelin breakdown, and a striking feature is the scattering of unusual granular material throughout the zones of white matter damage. It is mostly visible in rounded clumps, the so-called granular bodies, in some of which a nucleus can be made out, and it is evident that they represent degenerate microglial phagocytes. It is also seen discretely as a finer dusting, and may be found occasionally in the cytoplasm of swollen astrocytes and within the bodies of some nerve cells. It exhibits the property of staining metachromatically, in various shades of pink or dull red with toluidine blue, instead of giving the normally expected (orthochromatic) blue coloration. Histochemically it is a lipid substance, probably not a single one but of two or three different kinds, one at least being a glycolipid.
PATHOGENESIS
There is uncertainty about the origin of this material. There is a metachromatic phase in the breakdown of myelin in normal (Wallerian) degeneration of nerve fibres, although it is only transitory (Einarson and Neel, 1942) , and it might therefore arise from arrest of myelin catabolism short of its ordinary end-point because of an enzyme defect. This notion was favourably considered by Kaltenbach (1922) , though he also put forward as an alternative the possibility of a fault in myelin anabolism, leading to accretion of a substance impossible to be dealt with further by normal metabolic routes. The trend of current opinion, however, is to interpret it as deriving from an inborn error of lipid manufacture in the nervous system, affecting myelin synthesis tangentially instead of in the direct line (Diezel, 1957) .
This thesis naturally suggests that late infantile metachromatic leucodystrophy may have nosological alignment with the cerebral lipidoses as a general class, a notion that was originally discussed in a different context by Witte (1921) and more recently by Norman (1947) , and it has received some biochemical support from the studies of Edgar (1957) . Whether the presence of metachromatic material in the viscera, which has been noted in several cases (Brain and Greenfield, 1950; Leslie, 1952; Bertrand et al., 1954) , can be taken as an index of widespread lipid mishandling is not yet clear, and it may only represent an overflow phenomenon. Nevertheless the relatively frequent existence of renal deposits is of practical importance, as it provides a possible method for diagnosis of the disease during life by examination of the urine, and Austin (1957) has just reported a technique which he has developed and used successfully.
The recently published report of the Antwerp colloquium gives promise that we are now on the edge of clearer understanding of the leucodystrophies, from information obtained by the use of new histochemical and biochemical techniques to eke out the findings of classical morbid anatomy. It now seems certain that the late infantile type of metachromatic leucodystrophy is distinct both in microanatomy and histochemistry (Diezel, 1957) from the acute infantile globoid cell leucodystrophy of Krabbe type, though it may not be so sharply divided from the juvenile forms described by Scholz (1925) and others, or the chronic cases recorded by Witte (1921 ), Carrillo (1934 , van Dewulf (1939) and Norman (1947) , in spite of their pronounced clinical differences. Further, the work of von Hirsch and Peiffer (1957) indicates that the histological division of metachromatic from non-metachromatic leucodystrophies, having the same morphological characteristics otherwise, is invalid. Lastly, with reference to the absence of the oligodendroglia in late infantile metachromatic leucodystrophy, which has been suspected as a possible prime factor in its causation, no definite answer is yet possible, but recent evidence diminishes the likelihood of their being directly concerned.
